The primary role of speed in determining Digit Symbol scores is well established. Among the important questions that remain to be resolved are: (1) whether speed accounts for all of the age-related decline in Digit Symbol scores, and (2) whether memory ability makes any significant contribution to Digit Symbol performance, especially after controlling for speed. We analyzed data from the WAIS-III/WMS-III standardization sample to resolve these issues. As expected, speed (Digit Symbol-Copy) correlated very strongly with Digit Symbol-Coding. Memory (Digit Symbol-Incidental Learning or WMS-III index scores) correlated more moderately with Digit Symbol-Coding. Even after controlling for variance in Coding explained by Copying, a statistically significant proportion of the residual variance was explicable in terms of memory functions. The contribution of memory to Digit Symbol-Coding, while relatively small, is real. In addition, a small portion of the age-associated decline in Coding scores cannot be accounted for by Copying scores.
Introduction
The multifaceted nature of Digit Symbol-Coding is at once its signal virtue and its gravest failing. Because several abilities are necessary in order to perform well, the test serves as a screening instrument for neuropsychological dysfunction-impairment of any contributing ability will yield a low score. However, a low score is a nonspecific finding, indicating a need for further assessment, but not providing clinicians with much guidance as to what additional procedures might be fruitful. Knowing the precise contributions made by various cognitive operations would be helpful in this regard. Two functions, processing speed and memory, have attracted most of the pertinent research.
The contribution of speed to Digit Symbol has been operationalized as the Symbol Copy (or Digit Symbol-Copy) test (Kaplan, Fein, Morris, & Delis, 1991; Wechsler, 1997a Wechsler, , 1997b . Symbol Copy is essentially Digit Symbol stripped of the coding element. Symbols, rather than numbers, are printed in the upper half of each box; examinees are instructed simply to copy each symbol into the lower half.
Research with Symbol Copy confirms that speed plays a key role. A meta-analysis (Joy & Fein, 2001 ) of four such studies (Joy, Fein, & Kaplan, 2003; Joy, Fein, Kaplan, & Freedman, 2000; Kreiner & Ryan, 2001; LeFever, 1985) reported a mean correlation between Symbol Copy and Digit Symbol of r = .74, indicating that the tests share approximately 50% of their variance.
Symbol Copy also shares with Digit Symbol a strong negative relationship with age. Meta-analysis of six studies that have reported age differences on both tasks (Joy & Fein, 2001 ) yielded a mean r = −.58 for Symbol Copy as compared with a mean r = −.68 for Digit Symbol in the same set of studies. The difference between these figures was statistically significant, however, suggesting that some cognitive operation present in Digit Symbol, but not in Symbol Copy, is also adversely affected by aging. Memory is a logical candidate. The contribution of memory to Digit Symbol performance, however, is uncertain.
The incidental learning that transpires during Digit Symbol completion includes pairedassociates learning (which symbol goes with each digit) and free recall (of the symbols). These were studied occasionally over the years (Erber, Botwinick, & Storandt, 1981; Salthouse, 1978) until procedures measuring both were incorporated into the WAIS-R-NI (Kaplan et al., 1991) and, later, the WAIS-III (Wechsler, 1997a (Wechsler, , 1997b . The WAIS-R-NI versions of the incidental learning procedures correlate with Digit Symbol score in the r = .25-.30 range among healthy older adults (Joy et al., 2000) ; the WAIS-III versions yielded slightly greater values in a mixed clinical sample (Kreiner & Ryan, 2001) . In both studies, memory accounted for only 1% incremental variance in Digit Symbol after partialing out the variance explicable in terms of Symbol Copy.
In sum, research to date strongly suggests that speed is the prime determinant of Digit Symbol performance, with memory playing (at most) a subsidiary role. Whether memory makes any contribution after controlling for speed remains doubtful. Similarly, large age differences obtain on both Digit Symbol and Symbol Copy, but whether the age effect differs across tests is questionable. Age differences also obtain on the incidental learning procedures, but as only two studies have examined this issue (only one for free recall), their magnitude remains uncertain. In addition, all the research cited is flawed (e.g., by small or unbalanced samples), and only one study (Kreiner & Ryan, 2001 ) utilized the WAIS-III version of the subtest. The present study, with its much larger, more carefully assembled sample, will remedy most of these deficiencies, yielding definitive estimates of the roles played by speed and memory in the WAIS-III Digit Symbol-Coding subtest as well as the age differences associated with all of these procedures.
Method

Participants
Participants (N = 1167) were members of the WAIS-III/WMS-III standardization sample who completed at least one of the Digit Symbol supplemental procedures. Of these, 950 (81.4%) completed all three supplemental procedures. This sample is broadly representative of the adult U.S. population (per U.S. Census data) along multiple parameters: gender, educational level, race/ethnicity, and region of residence. Extending from age 16 to age 89, it includes large numbers of individuals at each age level.
For some analyses, the sample was dichotomized per years of education completed: 12 or fewer (n = 722) and more than 12 (n = 437). These are referred to, respectively, as the high school and college groups. For other analyses, the sample was divided into seven age groups: 16-29 (n = 362), 30-39 (n = 192), 40-49 (n = 90), 50-59 (n = 95), 60-69 (n = 99), 70-79 (n = 195), and 80-89 (n = 136) or dichotomized into younger (under age 50) and older (aged 50 and above) participants.
Measurements
Digit Symbol-Coding (Digit Symbol) raw score served as the key dependent measure. Digit Symbol-Copy (Symbol Copy) score served as the measure of perceptual-motor speed. Digit Symbol-Incidental Learning (Pairing and Free Recall) scores served as the principal measures of memory relative to the standard Digit Symbol task. Verbal IQ, Performance IQ, and four WMS-III memory indexes (auditory immediate, auditory delayed, visual immediate, and visual delayed memory) were also utilized.
Operational hypotheses
1. Speed (Symbol Copy) will be the strongest predictor of Digit Symbol score, accounting for approximately 50% of the variance in the latter. 2. Incidental learning/memory (Pairing and Free Recall) will account for a more limited proportion of Digit Symbol variance (probably in the 5% range), and will make a small but significant incremental contribution to the prediction of Digit Symbol score after partialing out the variance attributable to speed (Symbol Copy). 3. Age differences will account for 40-50% of the variance in Digit Symbol, but only 30-40% of the variance in Symbol Copy; the difference will be statistically significant, implying that some factors other than speed are involved in the age-related decline in Digit Symbol scores. 4. Age differences will account for 15-20% of the variance in Digit Symbol-Incidental Learning, in keeping with findings for other recall memory tasks (Verhaeghen, Marcoen, & Goossens, 1993) . Table 1 shows the correlation matrix for all Digit Symbol-related procedures. Symbol Copy is by far the strongest correlate of Digit Symbol, apparently explaining two-thirds of the variance in Digit Symbol scores. Although the incidental learning tasks also appear to correlate rather strongly with Digit Symbol, Symbol Copy is a significantly stronger correlate than either Pairing (t(947) = 14.83, P < .001) or Free Recall (t(947) = 16.68, P < .001). Interestingly, Pairing proved to be a stronger correlate of Digit Symbol than Free Recall (t(947) = 3.20, P < .01), an effect not found in previous studies.
Results
Speed versus memory
This unusually strong correlation between Digit Symbol and Symbol Copy (which approaches the reliability of the Digit Symbol test) could raise the question of whether Digit Symbol, practically speaking, measures anything but speed. However, the obtained correlation between the two tests (or between Digit Symbol and the incidental learning tests) is probably inflated by the magnitude of the age-related differences to be expected across domains when people of such disparate ages are combined into a single sample. Measurements of physical attributes like running speed or weightlifting capacity would probably correlate strongly with the cognitive tasks in this sample simply because otherwise independent functions may be affected by aging. In addition, some complex tasks may change in character over the lifespan. For instance, the role of memory in Digit Symbol might differ for younger versus older adults. Therefore, in order to properly assess the strength of the relationships among cognitive tasks, it is desirable to study not only samples whose membership spans many years, but also samples that are more homogeneous in age. This was accomplished by analyzing the inter-test correlations for each age group separately, then (where appropriate) averaging the results and/or looking for developmental trends. Table 2 shows the correlations between Digit Symbol and the three supplemental procedures for each age group. The mean correlation between Digit Symbol and Symbol Copy (r = .70) agrees closely with the results of earlier, smaller scale investigations (Joy & Fein, 2001 ). The magnitude of this correlation evidently increases with age; it correlates with age group (when the latter are numbered one to seven) at r = .90 (P < .01). The crucial point appears to be around 50 years of age. For participants under 50, the mean Digit Symbol-Symbol Copy correlation was r = .63; for those aged 50 and over, the mean correlation was r = .79, a statistically significant difference (z = 2.71, P < .01). The mean correlations between Digit Symbol and the two incidental learning procedures (r = .23 and r = .25, respectively) are statistically significant but account for only 5-6% of the variance in Digit Symbol scores. Symbol Copy is significantly more strongly associated with Digit Symbol at every age level than are the incidental learning procedures. However, when the sample is broken down by age in this way, the apparently stronger relationship between Digit Symbol and Pairing (vs. Free Recall) vanishes. Evidently, this finding was only an artifact of the larger age differences found on Pairing. With one exception, there are no obvious developmental trends influencing the relationship between incidental learning and Digit Symbol. The exception is the youngest cohort, among whom the relationship with incidental learning is notably weak. Table 3 also shows the correlation between the two incidental learning tasks; with mean r = .66, they are quite closely related, but not, perhaps, interchangeable.
The possibility that neither incidental learning measure could add to the predictive power of Symbol Copy was examined, first, by regressing Digit Symbol onto Symbol Copy, saving the residuals, and regressing those residuals onto each of the incidental learning measures. Even after thus removing the variance accounted for by Symbol Copy, Pairing remained a significant 
001).
If this is done separately for each age group (at great cost to statistical power), Pairing still makes a significant contribution to the prediction of Digit Symbol in five of seven analyses; Free Recall makes a significant contribution in two, with a trend (at the .10 level) in three more. Only for adults in their 50s and 60s (two of the smallest cohorts) does incidental learning fail to explain a significant portion of the residual variance.
The Digit Symbol-Incidental Learning procedures are, of course, brief screening tests and cannot be expected to yield highly accurate estimates of memory functions. The WMS-III, by contrast, is a carefully standardized instrument; the four indexes we used have reliability coefficients ranging from .82 to .93 according to the Technical Manual. The extent to which Digit Symbol performance is influenced by learning and memory may, then, be estimated by correlating Digit Symbol score with WMS-III index scores. Table 3 shows these correlations for each age range. The mean correlations indicate that approximately 15% of the variance in Digit Symbol may be accounted for by the memory functions assessed by the WMS-III. The strength of these correlations varies directly with the reliabilities of the index scores themselves.
When the residuals saved after regressing Digit Symbol onto Symbol Copy are regressed onto the WMS-III index scores, each provides a statistically significant, albeit modest, increment in explanatory power. Table 4 shows the results of these analyses. These analyses were repeated for each age group separately. These results, too, are summarized in Table 4 . Each memory index explained a significant (or near-significant) portion of the residual variance for four or five of the seven age groups. As was the case with the incidental learning scores, the WMS-III index scores failed to explain a significant proportion of the residual variance for participants in their 50s or (except for one weak trend) in their 60s.
Age differences on Digit Symbol procedures
The correlation of age with each Digit Symbol procedure is shown in Table 1 . Nearly half of the variance in the Digit Symbol scores of the adult population can be accounted for by age. The age effect on Symbol Copy is also quite large. Nonetheless, there is a statistically significant difference between the correlations with age of the two tests: t(947) = 1.77, P < .05, one-tailed-but the difference is obviously meager.
Another test of the hypothesis that age affects Digit Symbol operations not included in Symbol Copy is provided by regressing age onto Symbol Copy, saving the residuals, and then regressing those residuals onto Digit Symbol score. When this is done, Digit Symbol explains a modest but statistically significant portion of the residual variance (adjusted R 2 = .04, β = −.21, t = −7.13, P < .001). Both incidental learning measures are also associated with age over and above the variance accounted for by Symbol Copy, Pairing (R 2 = .11, β = −.33, t = −11.34, P < .001) more so than Free Recall (R 2 = .05, β = −.22, t = −7.25, P < .001). Interestingly, even if the second-order residuals remaining after the Digit Symbol analysis are examined, both Pairing (R 2 = .06, β = −.24, t = −7.95, P < .001) and Free Recall (R 2 = .02, β = −.14, t = −4.35, P < .001) provide incremental explanatory power. Age also exerts a predictable negative influence upon Digit Symbol-Incidental Learning scores. The correlation with the more demanding Pairing task is larger than that for Free Recall (accounting for approximately 26%, as opposed to 17%, of score variance), but both are close to the usual effect size of age upon recall (Verhaeghen et al., 1993) .
In order to assess whether the age-associated decline in Digit Symbol scores accelerates after reaching middle age, we computed the correlation between age and Digit Symbol separately for younger (under age 50) and older (aged 50 and above) adults. The latter correlation (r = −.50) was indeed larger than the former (r = −.20, z = 5.08, P < .001). The same applies to Symbol Copy (r = −.43 vs. r = −.15, z = 4.75, P < .001), but not to Pairing (r = −.20 for both young and old) and only weakly to Free Recall (r = −.13 for the young vs. r = −.24 for the old, z = 2.10, P < .05).
Because years of education also correlated significantly with Digit Symbol and its supplemental procedures, an interaction between age and education was possible. One previous study (Joy et al., 2000) did find a trend toward such an effect on the incidental learning tasks, but not for Digit Symbol or Symbol Copy. We dichotomized the sample by age and education, then conducted 2 × 2 factorial ANOVAs. Digit Symbol showed the expected main effects for age (F(1, 1145) = 666.83, P < .001) and education (F(1, 1145) = 61.71, P < .001), but only a weak trend toward an interaction effect (F(1, 1145) = 3.10, P < .08). Symbol Copy also showed the expected main effects for age (F(1, 1121) = 529.40, P < .001) and education (F(1, 1121) = 45.00, P < .001), with only a trend toward an interaction effect (F(1, 1121) = 3.62, P < .06). Pairing showed main effects for age (F(1, 1060) = 254.42, P < .001) and education (F(1, 1060) = 6.12, P < .02) as well as a significant interaction effect (F(1, 1060) = 6.12, P < .02). Free Recall showed main effects for age (F(1, 1020) = 117.70, P < .001) and education (F(1, 1020) = 9.89, P < .01) with a trend toward an interaction effect (F(1, 1020) = 3.78, P < .06). Table 5 shows the mean scores of all four groups. Any protective effect of higher education is clearly modest; even on Pairing, it amounts to only 1.3 items less decline (about a third of a standard deviation).
Discussion
The primacy of speed-related factors in determining Digit Symbol-Coding performance is now established beyond any reasonable doubt. Speed (i.e., Digit Symbol-Copy) accounts for approximately 50% of the variance in Digit Symbol. Memory, by comparison, accounts for only 5-7% of Digit Symbol variance (using the incidental learning tests) or, at most, 14-15% (using the WMS-III indexes). Memory does, however, play a genuine secondary role. Even after partialing out the variance accounted for by speed, memory (incidental learning or WMS-III index scores) provides incremental explanatory power. The nature of the Digit Symbol-Coding task may change subtly over the course of the adult lifespan. The importance of processing speed increases after about age 50. The contribution of memory also changes with age. Relatively unimportant in the teens and twenties, memory fluctuates in importance thereafter, finally becoming rather prominent in old age. The incidental learning tests' failure to predict Digit Symbol score among young adults may reflect a ceiling effect; 31.3% of these participants obtained perfect scores on Pairing and 33.8% on Free Recall. Consistent with this, WMS-III index scores were more strongly correlated with Digit Symbol in this age range. The resurgent importance of memory in later years may reflect an increasing proportion of individuals whose memory functions have declined below the minimal threshold required to facilitate Digit Symbol performance.
As predicted, and consistent with the results of previous, smaller scale studies (mostly using the WAIS-R), age accounts for nearly 50% of the variance in WAIS-III Digit SymbolCoding performance across the adult lifespan. Age also accounts for 40-45% of the variance in Digit Symbol-Copy, slightly more than was expected. Age differences on Digit Symbol are significantly (albeit slightly) greater than on Symbol Copy, indicating that not only processing speed, but some higher order cognitive functions involved in Digit Symbol are affected by aging. This is consistent with the complexity hypothesis of cognitive aging (Cerella & Hale, 1994) , but not with the position that age-associated cognitive deficits are caused solely by reduced speed. The nature of these cognitive functions is unknown, though memory may be involved. This agrees with Nettelbeck and Rabbit's (1992) finding of a primary speed function and a secondary working memory function in cognitive aging.
In addition to the large age differences obtaining on all four Digit Symbol tasks, small but statistically significant education effects also obtain. There is some evidence of an interaction between age and education, such that higher levels of education exert a weak protective effect against age-associated impairment. This is clearest for Pairing. The interaction effect is small relative to the main effect of age, but it is consistent with findings on other memory-related tasks (Verhaeghen et al., 1993) . Whether it is produced by added years of schooling or by intellectual abilities that also affect persistence in school cannot be determined from cross-sectional data.
